Weyl semimetals are characterized by their bulk Weyl points -conical band touching points that carry a topological monopole charge -and Fermi arc states that span between the Weyl points on the surface of the material. Recently, significant progress has been made towards understanding and measuring the physical properties of Weyl semimetals. Yet, potential applications remain relatively sparse. Here, we propose Weyl semimetal nanowires as field-effect transistors, dubbed WEYLFETs. Specifically, applying gradient gate voltage along the nanowire, an electrical field is generated that effectively tilts the open surfaces, thus, varying the relative orientation between Fermi arcs on different surfaces. As a result, perfect negative refraction between adjacent surfaces can occur and longitudinal conductance along the wire is suppressed. The WEYLFET offers a high on/off ratio with low power consumption. Adverse effects due to dispersive Fermi arcs and surface disorder are studied.
Field-effect transistors (FETs) are electronic devices that use an electric field to control the flow of current through the device [1]. There is a wide variety of materials and platforms used for various use cases of FETs; the majority thereof rely on semiconductor devices where the conduction channel can be switched off using an external gate. The conduction channel lies in the bulk of the semiconductor and early challenges in FET production concerned with surface passivation in order to overcome surface effects that prevented the gating from reaching the bulk [1] . In parallel, low-power FETs' applications are in constant development where new materials and reduced dimensionality of the conduction channel play a crucial role [2, 3] . Most recently, the progress of topological materials has opened a new avenue towards this goal based on the dissipationless chiral edge channels of the quantum anomalous Hall effect [4] [5] [6] [7] [8] [9] [10] [11] .
Weyl semimetals are a class of 3D materials with conduction and valence bands that linearly touch at isolated points of the bulk spectrum [12] [13] [14] [15] [16] [17] . The touching points are so-called Weyl points, around which the electronic states can be effectively described by the Weyl equation [12] . Each Weyl point carries a monopole charge of Berry curvature, thus splitting momentum space into different regions of gapped spectra with different topology [12, 18] . These unique bulk properties lead to electron chirality that offers potential applications as a bulk photovoltaic effect [19, 20] .
In parallel, the nontrivial bulk topology has a corresponding boundary effect in the form of Fermi arcs that appear in the surface Brillouin zone [12] , which were recently observed experimentally [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . These arcs have an open cut at the chemical potential, leading to directional transport on the surface. Furthermore, depending on the orientation of the surface, the Fermi arcs are projected from the bulk Weyl points differently [33] . This can lead to tunable surface configurations where negative refraction may occur between different surfaces of the material [34] . In this letter, we propose a new type of FET based on field-controlled surface negative refraction in a Weyl nanowire, or in short a WEYLFET. We consider a Weyl semimetal nanowire covered by isolated metal gates on top of each surface, see Fig. 1(a) . By imposing a slanted electric potential along the nanowire, the redistribution of the electrons in the nanowire adjusts the bearings of the open surfaces, see Fig. 1 in an effective tilting of the Fermi arc in each surface Brillouin zone, see Fig. 1(c) . Such relative tilting of Fermi arcs in the surface Brillouin zone can lead to perfect negative refraction between adjacent surfaces [33, 34] , see Fig.  1(d) . The surface negative refraction considerably suppresses the conduction of electrons along the nanowire, i.e., for linear Fermi arcs, this effect produces a sharp electrically-tunable on/off switch of the conductance. We analyze the adverse impact of dispersive Fermi arcs, and the influence of surface disorder. Our proposal offers (i) a robust surface effect that does not necessitate passivation, (ii) reduced dissipation due to the backscatteringfree channels, and (iii) a tunable sharp on/off switch, all of which make our proposed device a promising candidate for a low-power (WEYL-)FET.
In order to realize a WEYLFET with high on/off ratio, it is essential to have ideal Weyl semimetals [35, 36] , in which the Fermi energy crosses both Weyl points and the transport is dominated by surface electrons. Furthermore, we consider sufficiently small tilting angles, such that reduction of the cross-section area of the nanowire is negligible. Hence, the main effect of the slanted gate voltage is the tilting of the orientation of the Fermi arcs, and the WEYLFET is controlled by the modulated surface transport.
Instead of studying nanowires with various surface bearings, we focus on the bulk Weyl nanowire with a general orientation of Weyl points, while retaining the same termination configuration of the nanowire. This approach is beneficial for the numerical study of the surface states [33] . More concretely, we consider the minimal inversion (P)-symmetric Weyl semimetal with two generally orientated Weyl points [37] . We start with a Weyl semimetal with two Weyl points at ±(0, 0, k 0 ):
where v, M and k 0 are parameters, k = (k x , k y , k z ) is the wave vector, and σ x,y,z are Pauli matrices acting on the pseudospin space. The general orientation of Weyl points is achieved using the rotational transformation U to the effective Hamiltonian H(k) = H(U −1 k), e.g., the rotation by an angle ϕ around the axis k x = k y , k z = 0 yields two Weyl points located at ±k 0 (−
, cos ϕ). We consider a nanowire along the z-direction with a square cross section with side length L, cf. Fig. 1(b) . We take ϕ 0 = π/2 as the starting point in the absence of applied gate voltage V . The gating results in rotation of the Weyl points with angle ϕ 0 − ϕ(V ). It corresponds to a tilting of the Fermi arcs by an angle
For convenience, we unfold the four open surfaces into the x − z plane and label the longitudinal (transverse) momentum by k z (k x ), see Fig. 1(d) . The Fermi arcs on surfaces I and II can be described by the effective Hamiltonian
where k = (k x , k z ) is the in-plane momentum, v 0 is the velocity of the surface states, and "±" corresponds to surfaces I and II, respectively. ε I,II is the dispersion term, which introduces finite curvature to the Fermi arcs as in real materials. When ε I,II = 0, the straight Fermi arcs defined by H I,II = sin θk x ± cos θk z ≡ 0 have end points at ±k 0 −(sin ϕ)/ √ 2, cos ϕ for surface I, and at ±k 0 (sin ϕ)/ √ 2, cos ϕ for surface II [33] . The two Fermi arcs have opposite tilting, see Figs. 1(c) and (d). For a finite tilting angle (θ < π/2), the velocity in the zdirection is inverted as the electrons transfer through the boundary between surfaces I and II, leading to negative refraction, see Fig. 1(d) . This results in full suppression of electrons' flow along the z-direction. This is the key mechanism behind the WEYLFET, i.e., even infinitesimal gating should lead to an on/off control of the electronic transport.
More realistically, Weyl semimetals exhibit dispersive Fermi arcs that depend on both bulk and surface details. Here, we consider a parabolic dispersion |ε I, 
where the integral is taken over the incident states of surface I and the velocity v II (k x2 , k z ) is determined by the conservation of k z during the negative refraction. In the above expressions, ρ 0 is the surface density of states per unit area,v z is the average velocity in the z-direction, and ±k Fig. 1(d) ]. As a result, the conductance is completely switched off by the gradient gate voltage, thus realizing a WEYLFET. This result also holds true when finite dispersion is added in the form of ε I = −ε II . In this case, due to the existence of reflection, the negative refraction is imperfect for small θ, and results in a finite switch-off angle θ 0 , see Fig 2(a) [38] .
We also investigate the case with equal dispersion, i.e., ε I = ε II . In this case, the conductance G becomes a function of the tilting angle θ, see Fig. 2(b) [39]. G decreases with θ, indicating the suppression of transport by negative refraction. Whereas for straight Fermi arcs, G exhibits a sharp switch-off, as the dispersion strength increases, the current carried by refracted electrons cannot cancel out the incident current, resulting in a net current, which reduces the on/off ratio of the transistor for small θ.
Complementary to the 2D surface negative refraction analysis above, the on/off switch of the WEYLFET conductance can be understood by studying the 1D band structure of the nanowire. We map the Hamiltonian (1) onto a cubic lattice through the substitutions
, with a being the lattice constant. We can then solve the model and plot its energy bands using KWANT [40] . In Fig. 3 , we compare the resulting band structures with and without the tilt of the Fermi arcs. For θ = 0, the energy bands contributed by the surface states are gapless, indicating a metallic phase. For finite tilting angle θ, a gap opening occurs for the surface states, and the conduction is switched off for small bias voltages. Therefore, under a small bias voltage, the WEYLFET corresponds to a gate-tunable gap closing and opening in the 1D picture, which is consistent with the 2D picture of negative refraction, cf. Fig. 1(d) .
Next, we numerically calculate the conductance through the nanowire based on the cubic lattice model [40] . We introduce surface dispersion using an on-site potential U on the surface layer; because the surface states have a k-dependent spatial distribution perpendicular to the surface, the on-site potential leads to a k-dependent potential, or equivalently to an effective dispersion of the Fermi arcs. The conductance along the nanowire as a function of the tilting angle θ of the Fermi arcs is shown in Figs. 4(a) and (b). In Fig. 4(a) , the onsite potential U takes opposite values on adjacent surfaces. Therefore, the dispersion on adjacent surfaces also takes opposite values, i.e., ε I = −ε II , and the on/off effect is confirmed. The angle at which the conductance is completely switched off increases with the onsite potential U , because curved Fermi arcs imply that reflection processes exist in addition to negative refraction for small θ. Hence, in order to realize perfect negative refraction, the tilting angle must exceed a critical value, cf. Fig. 2(a) . In Fig. 4(b) , the onsite potential U takes the same value on all surfaces, and the dispersions on the surfaces also become the same, i.e., ε I = ε II . As a result, the on/off ratio is reduced as U increases, which is in good agreement with the results in Fig. 2(b) . Note that, here too, the surface dispersion has an adverse effect on the WEYLFET performance, which reduces the on/off ratio of the device. Therefore, in order to make a WEYLFET with high efficiency, it is preferable to use Weyl semimetals with weak and opposite surface dispersion. Recent experiments have realized Fermi arc manipulation by surface decoration [41, 42] , which paves the way to realize our proposal. In real materials, surface roughness is unavoidable, and we simulate this effect by including surface disorder. For P-symmetric Weyl semimetals, the corresponding chiral surface states imply that electronic transport is immune to surface disorder, i.e., the functionality of the WEYLFET should be robust to disorder. In Figs. 4(c) and (d), we present the calculated device conductance under different surface disorder strength V for both dispersion configurations (U I = ±U II ). In both cases, the conductance decreases as surface disorder becomes stronger. This stems from the enhancement of backscattering that is induced by the disorder. However, the surface disorder has no effect on the switch-off region in Fig. 4(c) , where perfect negative refraction occurs. In other words, the surface disorder has little effect on the functionality of the WEYLFET and the on/off ratio remains almost the same. So far, we have solely analyzed a minimal P-symmetric Weyl semimetal containing two Weyl points. Onto this minimal model, we have introduced the general principle of gate tunable Fermi arc tilting that can lead to negative refraction. Nevertheless, further work will analyze even more realistic situations, including (i) Weyl semimetals with multiple pairs of Weyl points, as in most of the materials [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] ; here the geometry of the nanowire should be properly chosen such that the overlap between the projections of different Fermi arcs to the z-axis is minimized. Otherwise, the reflection at the boundary between different surfaces reduces the potency of negative refraction, and accordingly the on/off ratio of the WEYLFET. (ii) For time-reversal symmetric Weyl semimetals, the Fermi arc states are not chiral, leading to enhanced backscattering. In this case, we expect that surface disorder will have a stronger impact, and will reduce the on/off ratio of the WEYLFET. Hence, for the time-reversal symmetric Weyl semimetal, a nanowire with a clean surface is required for a high-efficiency WEYLFET. (iii) Another adverse effect can arise from the deviation of the Fermi level from the bulk Weyl points. In this case, bulk electrons participate in the transport and contribute an overall background to the conductance, which reduces the on/off ratio of the WEYLFET. At the same time, multiple scattering may occur in the bulk states, which also increases the dissipation of the WEYLFET. Furthermore, the finite bulk density of states also brings considerable screening effect, which reduces the efficiency of the slanted gate voltage. Based on these observations, ideal Weyl semimetals are needed for efficient WEYLFETs [35, 36] , similar to their vital role in measuring other properties of Weyl semimetals. (iv) Finally, in many Weyl semimetals, the Fermi arcs' dispersion is complex, making these surface states not much different from 2D normal metals, which cannot be used for WEYLFETs. Consequently, the material candidate for the WEYLFET should contain short Fermi arcs with small curvature [43] [44] [45] .
In summary, we have explored a possible application of Weyl semimetal as a field-effect transistor (WEYLFET) that is based on electronic negative refraction between Fermi arcs on the surface of the device. By using the gradient gate along the Weyl nanowire, an on/off switch of the conductance can be achieved with a high ratio. Ideal Weyl semimetals with vanishing bulk density of states, chiral surface channels and small Fermi arc curvature can serve as good candidates for such high-efficiency WEYLFET with low-power consumption.
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